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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a piston ring subjected to composite 
plating by which the initial fitting is improved. 

SOLUTION: Composite Cr plating 2 is formed on the outer peripheral sliding 
surface of a piston ring 1 . The composite Cr plating 2 includes cracks and 
composite particles of aluminum or silicon nitride, etc., are included in the 
cracks. In the composite Cr plating 2, Cr plating layer 2A of more than 0 
volumetric % and less than 1 .5 volumetric % of small composite rate, and a Cr 
plating layer 2B of more than 1 .5 volumetric % and not more than 12 volumetric 
% of large composite rate are plurally and alternately laminated to be formed, 
and the Cr plating layer 2 A of small composite rate and the Cr plating layer 2B 
of large composite rate are axially and alternately exposed on the sliding 
surface. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The piston ring characterized by forming in the periphery sliding surface the composite 
coatings the plating layer of the rate size of compound below 12 volume % carried out [ composite 
coatings / the rate of compound / the plating layer and the rate of compound of compound **** of under 
1.5 volume % ] the laminating plurality and by turns more than 1.5 volume % more than 0 volume %, 
and the plating layer of compound **** of said composite coatings and the plating layer of the rate size 
of compound being exposed to a sliding front face. 

[Claim 2] The piston ring according to claim 1 with which the plating layer of the rate size of compound 
exposed to said sliding front face is characterized by having arranged with the axial pitch of 0.05-0.2mm 
along a sliding front face. 

[Claim 3] The piston ring according to claim 1 or 2 characterized by said composite coatings being 
compound Cr plating. 

[Claim 4] By carrying out to the periphery sliding surface of the piston ring by repeating right ******** 
and reverse ****** using the plating bath containing a composite particle The rate of compound more 
than 0 volume % The plating layer of compound **** of under 1.5 volume %, The rate of compound the 
process at which the plating layer of the rate size of compound below 12 volume % forms in a periphery 
sliding surface the composite coatings which carried out the laminating plurality and by turns more than 
1.5 volume %, and by processing the front face of said composite coatings The manufacture approach of 
the piston ring characterized by having the process which exposes the plating layer of compound ****, 
and the plating layer of the rate size of compound on a sliding front face. 

[Claim 5] The manufacture approach of the piston ring according to claim 4 characterized by for the 
configuration before the plating of said periphery sliding surface being a flat side parallel to shaft 
orientations, and being processing whose processing of the front face of said composite coatings makes 
a plating front face a barrel configuration. 

[Claim 6] The manufacture approach of the piston ring according to claim 4 characterized by for the 
configuration before the plating of said periphery sliding surface being a barrel configuration, and being 
processing whose processing of the front face of said composite coatings makes a plating front face the 
barrel configuration of different curvature from the barrel configuration before said plating. 
[Claim 7] The manufacture approach of the piston ring according to claim 4 characterized by for the 
configuration before the plating of said periphery sliding surface being a barrel configuration, and being 
processing whose processing of the front face of said composite coatings makes a plating front face a 
flat side parallel to shaft orientations. 

[Claim 8] The manufacture approach of the piston ring according to claim 4 characterized by for the 
configuration before the plating of said periphery sliding surface being a taper side, and being 
processing whose processing of the front face of said composite coatings makes a plating front face a 
flat side parallel to shaft orientations. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an internal combustion engine's piston ring. 
[0002] 

[Description of the Prior Art] The operating environment of the piston ring is very severe, and it is 
becoming impossible in recent years, to maintain the engine performance by Cr plating and nitriding 
treatment which are used conventionally from correspondence of an engine high increase in power, low- 
fuel-consumption-izing, and control of exhaust gas. 

[0003] On the other hand, the attempt which tends to be made to distribute a hard particle and is going to 
improve the abrasion resistance of Cr plating and printing-proof nature during Cr plating occurs as 
indicated by JP,62-56600,A. This approach deposits Cr plating which right-******** and has a mesh- 
like crack first, next performs reverse ******, carries out expansion development of the crack, and 
makes that crack contain a hard particle. 
[0004] 

[Problem(s) to be Solved by the Invention] However, although this compound Cr plating is excellent in 

abrasion resistance and printing-proof nature, it is inferior to initial concordance nature. 

[0005] The technical problem of this invention is to offer the piston ring with which the composite 

coatings which have improved initial concordance nature were given. 

[0006] 

[Means for Solving the Problem] The piston ring of this invention is characterized by forming in the 
periphery sliding surface the composite coatings the plating layer of the rate size of compound below 12 
volume % carried out [ composite coatings / the rate of compound / the plating layer and the rate of 
compound of compound **** of under 1.5 volume % ] the laminating plurality and by turns more than 
1.5 volume % more than 0 volume %, and the plating layer of compound **** of said composite 
coatings and the plating layer of the rate size of compound being exposed to a sliding front face. 
[0007] In the above, good abrasion resistance and printing-proof nature are obtained by the plating layer 
of the rate size of compound, and initial concordance nature is secured by the plating layer of compound 
****. Consequently, the piston ring of this invention becomes the thing excellent also in initial 
concordance nature while it is excellent in abrasion resistance and printing-proof nature. 
[0008] As for the plating layer of the rate size of compound exposed to said sliding front face, it is 
desirable from the point of initial concordance nature to have arranged with the axial pitch of 0.05- 
0.2mm along a sliding front face. 

[0009] As the above-mentioned composite coatings, compound Cr plating is used, for example. 

[0010] The description of the manufacture approach of the piston ring of above-mentioned this invention 

is as follows. 

[001 1] (1) The plating layer and the rate of compound of compound **** of under 1.5 volume % form 
[ the rate of compound ] in a periphery sliding surface the composite coatings in which the plating layer 
of the rate size of compound below 12 volume % carried out the laminating plurality and by turns more 
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than 1 .5 volume % more than 0 volume % by carrying out to the periphery sliding surface of the piston 
ring by repeating right ******** and reverse ****** using the plating bath containing a composite 
particle. 

[0012] The mesh-like crack is formed in the plating which deposits by right ********, this crack is 
expanded by reverse ******, and a composite particle 4 is fixed in this expanded crack 3 as shown in 
drawing 2 . Furthermore, if right ********.> reverse ****** is performed repeatedly, the laminating of 
the composite coatings 40 will be further carried out on the composite coatings 30 formed at the first 
process of 1 cycle. Therefore, the composite particle 4 in the crack 3 of the first composite coatings 30 is 
shut up in a layer. And the composite coatings 40 of a bilayer eye have the crack 3 prolonged in the 
shape of a mesh on the front face, and the composite particle 4 is being fixed to this crack 3. Hereafter, if 
right ********.> reverse ****** is performed the number of predetermined times repeatedly, 
composite coatings will be formed in the periphery sliding surface of the piston ring by predetermined 
thickness. 

[0013] In the above, since the cross section is making the letter of the abbreviation for V characters, the 
amount of a crack 3 of the composite particle 4 which contains a front-face side in a crack 3 increases. 
Consequently, although a composite particle 4 distributes to homogeneity mostly along a front face, the 
rate of compound comes out uniformly along a front face and the composite coatings formed by right 
********.> reverse ****** ofl cycle have a fixed sliding property, in the thickness direction, they 
cannot be said to be that the composite particle 4 is distributing to homogeneity, but become that from 
which the rate of compound differed in the thickness direction. Moreover, if it is made not to make a 
crack 3 penetrate in the thickness direction as shown in drawing 2 , the part in which a crack 3 does not 
go into the lower layer section is made, and the rate of compound can also be set to 0. 
[0014] The rate of compound of a composite particle is governed by the ratio, right ******** 5 and the 
reverse ****** conditions of the composite particle in a plating bath presentation. That is, the amount of 
the composite particle which goes into a crack by the ratio of the composite particle in a plating bath 
presentation is influenced, as for right ******** conditions, a crack consistency is determined, and 
reverse ****** conditions determine the crack width of face expanded. 

[0015] Therefore, it is made to that to which composite coatings were formed in the periphery sliding 
surface of the piston ring by predetermined thickness as it mentioned above, when right ********.> 
reverse ****** was performed repeatedly, and, as for these composite coatings, the laminating of the 
plating layer of the rate size of the compound below 12 volume % was carried out [ the rate of 
compound ] for the rate of the plating layer of compound **** of under 1.5 volume %, and compound 
by turns more than 1 .5 volume % more than 0 volume %. 

[0016] (2) Expose the plating layer of compound ****, and the plating layer of the rate size of 

compound on a sliding front face by processing the front face of said composite coatings. 

[0017] The example of processing of the front face of composite coatings is shown below. 

** Make the configuration before the plating of a periphery sliding surface into a flat side parallel to 

shaft orientations, and process a plating front face into a barrel configuration. 

** Make the configuration before the plating of a periphery sliding surface into a barrel configuration, 
and process a barrel configuration with different curvature from the barrel configuration before 
galvanizing a plating front face. 

** Make the configuration before the plating of a periphery sliding surface into a barrel configuration, 
and process a plating front face on a flat side in parallel with shaft orientations. 

** Make the configuration before the plating of a periphery sliding surface into a taper side, and process 
a plating front face on a flat side in parallel with shaft orientations. 

[0018] The plating layer of compound **** and the plating layer of the rate size of compound can be 
made to appear in shaft orientations by turns on a sliding front face by the above-mentioned processing. 
[0019] 

[Embodiment of the Invention] Drawing 1 is drawing of longitudinal section in which showing 1 
operation gestalt of this invention, and showing some piston rings. The compound Cr plating 2 is formed 
in the periphery sliding surface of the piston ring 1 . The compound Cr plating 2 is [0020] which sees 



http : //www4 . ipdl . ncipi . go j p/cgi-bin/tran_web_cgi_ej j e 



3/4/07 



JP,10-103519,A [DETAILED DESCRIPTION] 



Page 3 of 6 



from a direction perpendicular to a plating side, and has the mesh-like crack 3 in the front face and 
interior and by which the composite particles 4, such as an alumina or silicon nitride, are being 
contained and fixed to the crack 3. Cr plating layer 2 A of compound **** of under 1.5 volume % and 
the rate of compound carry out a laminating plurality and by turns more than 1 .5 volume % more than 0 
volume %, and the rate of compound is formed for Cr plating layer 2B of the rate size of compound 
below 12 volume %, and Cr plating layer 2 A of said compound **** and Cr plating layer 2B of the rate 
size of compound have exposed the compound Cr plating 2 to shaft orientations by turns on the sliding 
front face. 

[0021] Hereafter, the manufacture approach of the above-mentioned piston ring 1 is explained. 
[0022] First, plating processing of the compound Cr plating 2 is explained. Compound Cr plating is 
formed by carrying out to the periphery sliding surface of the piston ring by repeating right ********_> 



reverse ******, 



[0023] An example of the plating bath presentation of compound Cr plating and the monograph affair of 
right ******** reverse ****** is shown below. 

** Plating bath presentation Cr03 250 g/1 H2 S04 1.0 g/1 H2 SiF6 5 g/1 Composite particle (an alumina 
or silicon nitride) 20 g/1 ** right ******** Current density 60 A/dm2 Plating bath temperature 55 
degrees C Plating time amount 10 minute ** reverse ****** Current density 50 A/dm2 Plating bath 
temperature 55 degrees C Plating time amount 1 minute [0024] On condition that the above, the count of 
predetermined and the compound Cr plating 2 with which the laminating of Cr plating layer 2A of 
compound **** and the Cr plating layer 2B of the rate size of compound was carried out plurality and 
by turns at the flat periphery sliding surface parallel to the shaft orientations of the piston ring 1 as it was 
shown in drawing 3 (a), if carried out repeatedly are formed for right ********-> reverse ******. 
[0025] Next, shaft orientations are made to expose Cr plating layer 2 A of compound ****, and Cr 
plating layer 2B of the rate size of compound to the sliding front face of the piston ring 1 by turns by 
processing the front face of the compound Cr plating 2 into a barrel configuration as shown in drawing 3 

(b). 

[0026] Right ********_> reverse ****** is the number repeat ********** 0 f cycles according to the 
thickness of compound Cr plating. If 1 cycle of right ********_> reverse ****** is performed, since 
the plating thickness of about 10 micrometers can be obtained on the above-mentioned conditions, 12 
cycle ****** is carried out, for example. 

[0027] Hereafter, the result of having performed the abrasion test using the reciprocation friction tester 
is explained. 

[0028] The outline of the reciprocation friction tester used for the trial at drawing 4 is shown. It is held 
by the fixed block 1 1, a downward load is added by the oil hydraulic cylinder 12 from the upper part, 
and the bottom test piece 13 contacts the pin-like upper test piece 10 by pressing. On the other hand, the 
bottom test piece 13 of a flatbed configuration is held by the movable block 14, and is made to 
reciprocate by the crank chain 15. 16 is a load cell. 
[0029] The test condition is as follows. 

Load :98-N rate : 600cpm stroke : 50mm time amount : 1-hour lubricating oil : Bearing oil of gas oil 
equivalent viscosity [0030] (1) Abrasion test ** test piece top test piece : surface type-like processing of 
compound Cr plating and compound Cr plating was performed to the front face of the upper test piece of 
the steel for the piston rings. 

Bottom test piece: Cast iron material for cylinder liners [0031] ** It is the same as the case of the piston 
ring 1 explained with 1 operation gestalt of surface type-like processing aforementioned this invention 
of compound Cr plating and compound Cr plating. However, reverse ****** conditions were changed 
and five kinds of test pieces with which the rates of compound differ were created (refer to Table 1). 
[0032] 
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[0033] ** The test-method above-mentioned reciprocation friction tester was used, and the abrasion test 
was performed. 

[0034] ** The result of the abrasion loss of a result top test piece is shown in drawing 5 . In addition, the 
trial is performed also about the case where the usual hard Cr plating is formed in an upper test piece, 
and the wear ratio of drawing 5 is setting abrasion loss when forming hard Cr plating in an upper test 
piece to 1 . It was checked that the test piece which has the compound Cr plating of this invention excels 
the test piece which has the usual hard Cr plating in abrasion resistance as shown in drawing 5 . 
[0035] Next, the result of having examined by being burned using a high planar pressure printing testing 
machine is explained. 

[0036] Drawing 6 shows the outline of the high planar pressure printing testing machine used for the 
trial. A test piece 20 is held by Rota 21 and rotated by rotation of Rota 21. On the other hand, the partner 
test piece 22 is held by the stator 23, and is pushed against the Rota 21 side by the predetermined load P 
by the hydraulic power unit. 

[0037] A test piece 20 is rotated in such equipment, carrying out oil supply of the specified quantity to a 
sliding surface from the lubrication hole 24 currently formed in the stator 23. The load made to act on a 
test piece 20 for every fixed time amount is made to increase gradually, the torque generated by sliding 
with a test piece 20 and the partner test piece 22 is measured by the torque meter, and it is made to 
record on a recorder. Generating of a seizure phenomenon raises torque rapidly. Therefore, it is burned, 
the load which acts on the test piece 20 in case torque goes up rapidly is made into a load, it is burned by 
the size of this seizure load, and the quality of a property is judged. 
[0038] The test condition is as follows. 

Rotational speed 8 veils regularity Load It starts from 20kgf. 10 kgf/min comes out comparatively and it 
increases gradually. Lubricating oil Gas oil Oil temperature 80 degrees C [0039] (1) Seizure trial ** test 
piece test piece : surface type-like processing of compound Cr plating and compound Cr plating was 
performed to the front face of the test piece of the steel for the piston rings. 

Partner test piece: Cast iron material for cylinder liners [0040] ** It is the same as the case of the surface 
type-like processing aforementioned abrasion test of compound Cr plating and compound Cr plating. 
[0041] ** The test-method above-mentioned quantity planar pressure printing testing machine was used, 
and the printing trial was performed. 

[0042] ** The result of the seizure load of each test piece obtained by the result printing trial is shown in 
drawing 7 . In addition, the trial is performed also about the case where the usual hard Cr plating is 
formed in a test piece, and the seizure load ratio of drawing is setting the seizure load when forming 
hard Cr plating in a test piece to 1 . It was checked that the test piece which has the compound Cr plating 
of this invention excels the test piece which has the usual hard Cr plating in printing-proof nature as 
shown in drawing 7 . 

[0043] Next, in order to examine initial concordance nature, the result of having performed the system 
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trial is explained. 

[0044] (1) It is the piston ring 1 explained with 1 operation gestalt of system trial ** sample offering 
piston ring aforementioned this invention, and is a thing with phi95mm, a shaft-orientations width of 
face [ of 3mm ], and a radial thickness of 3.8mm. In addition, the curvature of the barrel configuration in 
surface type-like processing of compound Cr plating was changed, and the test piece which is five kinds 
from which the axial pitch along the sliding front face of Cr plating layer of the rate size of compound 
differs was created (refer to Table 2). 
[0045] . 
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[0046] ** test-method engine: ~ phi95mmx serial 4-cylinder diesel-power-plant service-condition: - 
full load durable 300-hour test-method: — the above-mentioned conditions — 1 hour after a start up — oil 
consumption — measurement. 

[0047] ** The result of the initial oil consumption of each sample offering piston ring obtained by the 
join fruits machine trial is shown in drawing 8 . In addition, the trial is performed also about the case 
where the conventional compound Cr plating is formed in the piston ring, and the oil consumption ratio 
of drawing 8 is setting the oil consumption when forming the conventional compound Cr plating in the 
piston ring to 1 . It turns out that early oil consumption is reducing the piston ring which has the 
compound Cr plating of this invention compared with the piston ring which has the conventional 
compound Cr plating, and initial concordance nature is improving as shown in drawing 8 . 
[0048] Although the example of processing which makes the configuration before the plating of the 
periphery sliding surface of the piston ring a flat side parallel to shaft orientations, and makes the front 
face of compound Cr plating a barrel configuration was shown with the above-mentioned operation 
gestalt in order to expose Cr plating layer of compound ****, and Cr plating layer of the rate size of 
compound on a sliding front face, this invention is not restricted to this. Below, other examples are 
shown. 

[0049] In addition, on explanation, although the following drawing 9 - drawing 1 1 show the example of 
two-cycle ****** for right ********_> reverse ******, they perform the cycle according to the 
thickness of compound Cr plating in practice. 

[0050] Drawing 9 is an example of processing which makes a barrel configuration the configuration 
before the plating of the periphery sliding surface of the piston ring, and is made into the barrel 
configuration of different curvature from the barrel configuration before galvanizing the front face of 
compound Cr plating. 

[0051] Drawing 10 is an example of processing which makes a barrel configuration the configuration 
before the plating of the periphery sliding surface of the piston ring, and makes the front face of 
compound Cr plating a flat side in parallel with shaft orientations. 

[0052] Drawing 1 1 is an example of processing which makes a taper side the configuration before the 
plating of the periphery sliding surface of the piston ring, and makes the front face of compound Cr 
plating a flat side in parallel with shaft orientations. 
[0053] 

[Effect of the Invention] As explained above, the piston ring of this invention is excellent also in initial 
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concordance nature as well as abrasion resistance and printing-proof nature. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] One operation gestalt of this invention is shown and drawing of longitudinal section in 
which (a) shows some piston rings, and (b) are the enlarged drawings of the compound Cr plating part of 
the above-mentioned piston ring. 

[Drawing 2] It is a perspective view explaining the production process of compound Cr plating, and (a) 
shows 1 cycle back of right ********_> reverse ******, and (b) shows the two-cycle back of this 
process. 

[Drawing 3] It is drawing of longitudinal section explaining the processing process of the front face of 
compound Cr plating, and (a) shows the compound Cr plating back and (b) shows the processing back 
of the front face of compound Cr plating. 

[Drawing 4] It is the front view showing the outline of a reciprocation friction tester. 
[Drawing 5] It is the graph which shows the result of an abrasion test. 

[Drawing 6] It is drawing of longitudinal section showing the outline of a high planar pressure printing 
testing machine. 

[Drawing 7] It is the graph which shows the result of a seizure trial. 
[Drawin g 8] It is the graph which shows the result of a system trial. 

[Drawing 9] It is drawing of longitudinal section showing another example of processing of the front 
face of compound Cr plating, and (a) shows the compound Cr plating back and (b) shows the processing 
back of the front face of compound Cr plating. 

[Drawing 10] It is drawing of longitudinal section showing still more nearly another example of 
processing of the front face of compound Cr plating, and (a) shows the compound Cr plating back and 
(b) shows the processing back of the front face of compound Cr plating. 

[Drawing 11] It is drawing of longitudinal section showing still more nearly another example of 
processing of the front face of compound Cr plating, and (a) shows the compound Cr plating back and 
(b) shows the processing back of the front face of compound Cr plating. 
[Description of Notations] 

1 Piston Ring 

2 Compound Cr Plating 

2 A The plating layer of compound **** 

2B The plating layer of the rate size of compound 

3 Crack 

4 Composite Particle 

10 Upper Test Piece 

1 1 Fixed Block 

12 Oil Hydraulic Cylinder 

13 Bottom Test Piece 

14 Movable Block 

15 Crank Chain 
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16 Load Cell 

20 Test Piece 

21 Rota 

22 Partner Test Piece 

23 Stator 

24 Lubrication Hole 



[Translation done.] 
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